Smaqy The present study characterised p53 mutations in 44 hepatocellular carcinomas (HCCs) from Chinese patients residing in a high-uinence area Twelve point mutations (27%) were detected in tumour tissues using singern d conformation polymorphism analysis followed by direct DNA sequencing. Remarkably, no (Kress et al., 1992; Debuire et al., 1993) . However, in HCCs from high-incidence areas (e.g. China, Africa), where chronic infection with HBV and dietary exposure to AFBI are known nsk factors, the predominant mutation types are G:C+T:A base transversions, which also tend to cluster at codon 249 of the gene (Bressac et al., 1991; Hsu et al., 1991; Ozturk et al., 1991; Scorsone et al., 1992) . This selective hotspot mutation is found in 30-50% of tumours from high-incidence areas. Evidence from several studies suggests that such a striking mutagenic specificity could be attributed to dietary exposure to AFBI as the same type of mutation could be generated in in vitro mutagenesis experiments using AFBI (Foster et al., 1983; Levy et al., 1992; Aguilar et al., 1993 DNA from frozen HCC specimens was extracted according to the method described by Krieg et al. (1983). Extraction of DNA from paraffin-embedded tissues followed a previously described procedure (Radosevich et al., 1991) , except that deparaffinised tissue sections were incubated with SSE buffer (0.3 M sodium acetate, 0.5% SDS, 5 mM EDTA, pH 8.3), followed by the standard phenol-chloroform extraction. Histopathological examination was done on each sample to ensure that only tumorous tissues were used for DNA extraction. DNA extracted from the white blood cells of a healthy subject was always included as a normal control in the experiments. For genetic analyses, exons 5-8 of the p53 gene, a region which is evolutionarily conserved and is prone to mutations, were amplified individually by polymerase chain reactions (PCR), using the primers described in Figure  2 .
Hepatocellular carcinoma (HCC) is one of the most common cancers worldwide (Parlin et al., 1988) . The incidence of HCC, however, varies considerably among different geographic areas in the world. While HCC is relatively uncommon in North America and Europe, it is rather prevalent in China, sub-Saharan Africa and South-East Asia (Bosch and Munoz, 1988; Harris, 1990) . Epidemiological studies have identified chronic hepatitis B virus (HBV) infections and dietary exposure to aflatoxin B, (AFB,) as major and possibly synergistic risk factors (Munoz and Bosch, 1987) .
Recent studies have implicated the tumour-suppressor gene p53 as playing a critical role in the development of human cancers. The p53 gene is known to exhibit disinct mutational patterns in various cancer types, which may reflect aetiological contributions of exogenous (environmental) and/ or endogenous factors in the development of human cancers (Harris and Hollstein, 1993) . HCCs have been shown to display diinct patterns of p53 mutations according to different geographic locations. In HCCs from patients residing in areas with low HCC incidence (e.g. Europe and North America), p53 mutations are scattered and occur in many different codons of the gene (Kress et al., 1992; Debuire et al., 1993) . However, in HCCs from high-incidence areas (e.g. China, Africa), where chronic infection with HBV and dietary exposure to AFBI are known nsk factors, the predominant mutation types are G:C+T:A base transversions, which also tend to cluster at codon 249 of the gene (Bressac et al., 1991; Hsu et al., 1991; Ozturk et al., 1991; Scorsone et al., 1992) . This selective hotspot mutation is found in 30-50% of tumours from high-incidence areas. Evidence from several studies suggests that such a striking mutagenic specificity could be attributed to dietary exposure to AFBI as the same type of mutation could be generated in in vitro mutagenesis experiments using AFBI (Foster et al., 1983; Levy et al., 1992; Aguilar et al., 1993 DNA from frozen HCC specimens was extracted according to the method described by Krieg et al. (1983) . Extraction of DNA from paraffin-embedded tissues followed a previously described procedure (Radosevich et al., 1991) , except that deparaffinised tissue sections were incubated with SSE buffer (0.3 M sodium acetate, 0.5% SDS, 5 mM EDTA, pH 8.3), followed by the standard phenol-chloroform extraction. Histopathological examination was done on each sample to ensure that only tumorous tissues were used for DNA extraction. DNA extracted from the white blood cells of a healthy subject was always included as a normal control in the experiments. For genetic analyses, exons 5-8 of the p53 gene, a region which is evolutionarily conserved and is prone to mutations, were amplified individually by polymerase chain reactions (PCR), using the primers described in Figure  2 .
Detection of mutations in exons 5-8 of the p53 gene Mutations of exons 5-8 of the p53 gene were examind by single-strand conformation polymorphism (SSCP) analysis (Orita et al., 1989) . DNA fragments that showed abnormal SSCP bandshifts were subjected to direct sequencing by the cycle-sequencing method of Craxton (1991) showed completely cut fragments. corresponding to the wildtype sequence.
The majority of the subjects (31/44 or 70%) were HBV carriers, as measured by serum HBsAg. A slightly higher percentage of HBV carriers was observed among the cases with p53 mutations (10/13 or 77%). The mutation rate was similar in tumours with different histological grades (Table  II) . However, mutations were more prevalent in tumours larger than 5cm (33%) than in smaller tumours (17%). All point mutations occurred in tumours exhibiting intravascular invasion. Four mutations were found in cirrhotic livers (cases nos. 5, 10, 13, 14).
Disca
HCC is the third most common cancer among males in Singapore, with an average age-standardised incidence of 31 per 100 000 persons among Chinese males (Lee et al., 1992) . The present study examined 44 Chinese HCC cases for mutations in the p53 gene. The result revealed that mutations at codon 249, a previously identified mutational hotspot, were exceedingly rare in HCCs from Chinese patients in Singapore. This finding is in contrast to those from other high HCC incidence areas, such as certain regions of Africa and China, where a considerable subset of liver tumours harbour mutations at this particular codon (Bressac et al., 1991; Hsu et al., 1991) . The hypothesis that p53 mutations at codon 249 could be attributed to AFB1 exposure is supported by the finding that more than 50% of HCCs from high aflatoxin exposure areas contain this mutation (Bressac et al.. 1991 : Hsu et al., 1991 Scorsone et al., 1992; Coursaget et al.. 1993; Li et al., 1993) . In contrast, less than 5% of HCCs from low AFBI exposure areas exhibit mutations at codon 249 (Challen et al., 1992; Kress et al., 1992; Debuire et al., 1993; Nishida et al., 1993) . Therefore the lack of codon 249 mutations in our study subjects suggests that AFBI may not be a (Sheu et al., 1992; Hosono et al., 1993; Ng et al., 1994) . In addition, HCCs from Chinese patients residing in Hong Kong and Taiwan showed infrequent codon 249 mutations. Therefore, given the same ethnic group, the p53 mutation rate as well as the frequency of codon 249 mutation may vary considerably according to geographical locations. Such differences suggest that multiple aetiological factors, depending on living conditions and lifestyle, are involved in the development of HCCs.
The majority of point mutations found in the present study were base transitions (9/14). This pattern has not been reported in high-incidence regions, although it has been observed in low-incidence areas such as Europe and North America (Unsal et al., 1994) . As a large portion of base transitions are considered to arise from spontaneous mutations in mammalian cells (Hollstein et al., 1991) , our result suggests that endogenous factors or spontaneous processes may contribute to the mutagenesis of p53 in a subset of HCCs. For example, the frequent base transitions could be due to spontaneous mutations as a result of a chronic regeneration process in the liver (Unsal et al., 1994) . by Aguilar et al. (1994) showed that hotspot mutations at codon 249 were frequent in non-malignant human liver tissues from high AFB, exposure areas, and suggested that this specific mutation might be an early event in hepatocarcinogenesis. Thus, the differential timing of p53 mutations suggests that, while p53 could be mutated by the potent carcinogen AFB1 in the initiation stage, mutations may also occur as late events in tumour development under the influence of other environmental factors or endogenous processes.
